Background/Purpose: Laparoscopic Nissen fundoplication (LNF) is being utilized more extensively in the management of symptomatic gastroesophageal reflux disease in infants and children. The traditional approach utilizes 5 3-to 5-mm cannulas for telescope and instrument access to the peritoneal cavity. The purpose of this study is to report the technique and document the results using a single 5-mm umbilical cannula for LNF, stab incisions for placement of the instruments, and robotic telescope assistance.
M
INIMALLY INVASIVE approaches for surgical intervention in infants and children continue to develop both in technical complexity and equipment. Laparoscopic Nissen fundoplication (LNF) is just one example. It is being performed more frequently worldwide by an increased number of pediatric surgeons and, in many institutions, is the preferred approach for the surgical management of gastroesophageal reflux disease (GERD). Usually, the procedure is performed with 5 3-or 5-mm cannulas for instrument and telescope access to the abdominal cavity. In addition to the surgeon, one or 2 individuals are used frequently for assistance and camera management. We report our experience using a single 5-mm cannula and robotic assistance in infants and children undergoing LNF.
MATERIALS AND METHODS
After obtaining IRB approval, the charts of all patients undergoing LNF by the senior author from November 1999 to March 2002 were reviewed. From November 1999 through May 2000, an assistant at the operating table controlled the operating telescope. AESOP (Computer Motion, Santa Barbara, CA) robotic telescopic control was initiated in May 2000 and has been used in all cases since that time. AESOP is placed in a similar location in all patients regardless of size. The patient is placed at the foot of the bed in the frog leg position or, if too large for this position, he or she is placed in the lithotomy position. By attaching AESOP to the left side rail of the table at the level of the patient's left axilla, it is well positioned to allow adequate maneuverability for the assistant's hands (Fig 1) . The robot is placed in full tilt with the arm in the 1°down position, which keeps the robotic arm inferior to the operator's hands (Fig 2) . The technique utilizing a single umbilical cannula was used in all patients. This 5-mm cannula was introduced into the abdominal cavity under direct vision through a vertical incision in the umbilicus. The abdominal cavity subsequently was insufflated with CO 2 to a maximum pressure of 15 mm Hg. The operating instruments were inserted into the peritoneal cavity via transabdominal wall stab incisions using a No. 11 blade (BecktonDickinson, Franklin Lakes, NJ) without utilizing additional cannulas (Fig 3) . Four instruments were introduced, 2 in the epigastrium on either side of midline, and one each inferiorly (Fig 4) . A standard Nissen fundoplication was performed by dividing the short gastric vessels with electrocautery. The crura were identified and a retroesophageal window created. An adequate length of esophagus was mobilized into the abdominal cavity to allow for a tension-free fundoplication. The crura were reapproximated posteriorly using a single, or occasionally, 2 silk sutures. To attempt to prevent transmigration of the fundoplication into the mediastinum, we recently have begun to suture the esophagus to the crura at the 12 o'clock, 3 o'clock, and 9 o'clock positions using 2-0 or 3-0 silk sutures. The esophagus was calibrated using an intraesophageal bougie and a Nissen fundoplication created around the bougie using three interrupted silk sutures (Fig 5) . All sutures were tied intracoporally. If indicated, a gastrostomy was placed using the U-stitch technique (Fig 5) . 1, 2 After withdrawal of the instruments and telescope, the umbilical fascia was closed using a 3-0 or 2-0 absorbable suture, and the umbilical skin was closed with a 5-0 absorbable suture. The stab incisions were closed with Steri-Strips (3M Company, St Paul, MN)
Data collected retrospectively included age at operation, weight, pneumoperitoneum pressure, bougie size, presence of gastrostomy, laparoscopic completion, operating time, and cannula and instrument complications.
RESULTS
One hundred fifty-four patients underwent LNF by the senior author during the study period and make up the study group. All operations were completed laparoscopically with the exception of a single case, which was converted to an open operation after insertion of the umbilical cannula because of inadequate oxygenation and ventilation secondary to the pneumoperitoneum. The patient's ages ranged from 3 weeks to 15 years with a mean age of 24.5 months at the time of operation. The mean weight was 10.6 kg for the group (range, 2.4 kg to 50 kg). The bougie size ranged from 20F to 56F and varied according to patient weight.
The average operating time for the entire group was 90.1 minutes. Analysis of the operating duration over the study period found a decrease in times, which became statistically significant in association with robotic assistance ( Table 1 T test statistical analysis identified significantly shorter operating times when group A was compared with group C as well as group D (P Ͻ .05). There was no statistical difference between groups A and B. All transabdominal wall stab incisions were performed under direct telescopic vision. There were no complications associated with either the stab incisions or the introduction of instruments in the ab- sence of cannulas. Maximal pneumoperitoneum pressure was 15 mm Hg and, apart from the one patient mentioned above, there were no difficulties associated with maintaining pneumoperitoneum using the single cannula technique. All patients have been followed up clinically. Three patients have required a second LNF for transmigration of the fundoplication into the thorax.
DISCUSSION
The traditional approach to LNF incorporates the use of an operating surgeon with one or 2 assistants for surgical retraction and operation of the telescope. The use of robotic assistance for telescopic control has developed in recent years, 3, 4 and complete telerobotic surgery, although in its infancy, is being reported. [5] [6] [7] Additionally, the use of robotic telescopic control has been compared with traditional human control in various studies with conflicting results regarding its efficacy in relation to decreasing operating times. Johnet 8 and Geis et al 9 separately reported the use of robotic telescopic control and found shorter operating times with its use. Vara-Torbeck et al 10 did not identify a difference in operating times utilizing a voice-activated robotic assistant when compared with a human assistant. In our study, we clearly show a decrease in the operating times for LNF in infants and children. Several explanations can be postulated for this finding. Numerous investigators have agreed that the camera image from robotically controlled telescopes is steadier with significantly less motion artifact than a human controlled camera. This improved image results in more efficient surgical movements and timely technical completion. Another possible explanation is apparent when one considers the field of vision required for adult abdominal laparoscopic procedures in relation to the field in infants and children. Our patient population has significantly smaller abdominal viscera and, therefore, a smaller esophagus, stomach, and esophageal hiatus. This operative field can be displayed almost in its entirety throughout the majority of the LNF. Human telescopic assistance in this small field is not nearly as efficient in that small movements by the camera operator are translated into significant image changes for the surgeon resulting in a delay to correct the image. The stability of the robot minimizes this effect. Additionally, these telescope-repositioning events normally associated with adult procedures for visualization of various dissection fields are not required in this population resulting in shorter operating times. Finally, with turnover in the operating room staff, one has to continually train a new camera holder, which results in longer operating times. This problem is not present with AESOP.
As noted in Table 1 , we did not identify a significant difference in operating times between groups A (human controlled) and B (initial robotic control). However, there was a significant change in favor of robotic control in the later groups. Unquestionably, this represents a learning curve for robot setup and function. During the period that the 34 patients in group B underwent LNF, we were identifying the most effective position for the robot as well as the optimal telescope position within the abdomen to eliminate as much camera movement for hiatal dissection as possible. As seen by the reduction in operating times in the later groups, we feel we were successful in this regard.
Our technique utilizing a single umbilical cannula with transabdominal wall stab incisions for instrumentation has not been reported previously. The technique of introducing instruments through the abdominal wall without a cannula is accomplished easily whether in an infant or teenager, and we did not identify a single complication associated with it. The concern about losing an adequate pneumoperitoneum was not encountered. Another benefit provided by this technique, especially apparent in neonates and infants with small intraabdominal volumes, is the elimination of intraabdominal cannulas. These cannulas can inhibit surgeon movement by contacting each other, which may lead to more inefficient technical movements. Also, their presence within the abdominal cavity takes up volume that otherwise is reserved for improved visualization and surgical use. Moreover, these small cannulas can be difficult to stabilize in the abdominal wall. They frequently become dislodged and need to be reinserted. We have shown that LNF can be accomplished effectively and safely using a single umbilical cannula and robotic telescopic assistance with decreased operating times. We feel it should be the preferred approach for LNF and other laparoscopic procedures in infants and children. 
